Abstract The objective of this research is to evaluate the feasibility and locations of using cellulosic biomass both from crop residues and from dedicated energy crops to supply 200-million-liter-biodiesel plants in France. The estimation of the potential amount of agricultural residue available in 2015 in each region of France is calculated. The residues considered in this study come from cereal straw and corn stover. Results show that eight out of the twenty one French regions have enough agricultural residues available to supply at least one 200 million liter biofuel plant. Region Centre has the largest potential, with enough residues to supply three to five plants. Finally, cost of supplying one biodiesel plant of 200 million liters in the region Centre is estimated. Results show that collection of biomass will be effective in an area with a radius of 58 Km to 168 Km depending of the raw material considered and its abundance. The cost of supplying a plant with miscanthus is much higher than with residues only. Thus, crop residues appear to offer a lower cost to produce biodiesel in the near term compared to a dedicated crop. Results show that production of biofuel from cellulosic biomass should not be limited by the supply of raw material, but costs of conversion to liquid fuels clearly will play a key role in the development of cellulosic biofuels. Energy prices and policies will have a significant impact on second generation biofuel development.
Introduction
France, like many others countries, is seeking to increase the share of its domestic energy supplies. Even if its largest domestic energy production is nuclear (40% of the total primary energy production), 33% of its energy supply is foreign oil [14] . Reducing reliance on foreign oil is largely due to recent concerns over the availability of petroleum supplies and greater concerns of the fossil fuel environmental consequences. With 97% of its road transportation depending on oil imports, France is highly vulnerable and is subject to the high volatility of petroleum prices [37] . Liquid biofuels are considered by many as one of the best options to replace petroleum in transport. They are currently available as substitutes for traditional fuel, and they are environmentally friendly [3] . Moreover, transportation carbon dioxide (CO 2 ) emissions are the largest cause of CO 2 emissions in France with 26% of the total [37] . The environmental impact of biofuels is also an important factor that led to their production in Europe. Developing and using biofuels represents an opportunity to reduce greenhouse gas (GHG) emissions in accordance with Kyoto protocol commitments [22] . France as part of the European Union agreed to reduce its GHG emissions by 8% below 1990 levels by the period 2008-2012 [14] . Also, GHG emission saving due to the use of biofuels instead of petroleum is expected to reach 50% by 2017 [8] .
Based on the biofuels directive (2003/30/EC), France established a target of 5.75% biofuel in transportation fuels by 2008 (2 years earlier than required by the EU biofuel directive), 7% by 2010, and 10% by 2015 [19, 20] . France is one of the main biodiesel producers in Europe, and its production represents 14% of the world biodiesel production [11] . Biodiesel is blended with diesel which represented 73% of total liquid fuel consumption in France [25] . It is currently based on vegetable oil produced from rapeseed oil, (which represents 87% of total biofuels production in France), and from sunflower (7%). Ethanol is produced from wheat and sugar beet (each 3% of biofuel production) and blended with gasoline [19, 20] . French ethanol production represents 2% of the world production [40] . In order to meet the Directive, either more land will have to be devoted to produce additional energy production, crop residues will be required, or France will need to import biofuels [47] . Moreover importing biofuels will not decrease energy dependence, and a large amount of arable land cannot be moved from food production to biofuel production without endangering the food independency. Thus, a diversification of biofuel sources is necessary. Cellulosic biomass, also called second generation biofuel, is a potentially attractive energy feedstock. Cellulose is a polymer of glucose and xylose produced by every living plant [35] . Consequently, cellulosic biomass includes all plants and plant-derived materials. It is found abundantly in forest (i.e. logging residues, processing mill residues, urban wood residues) and in agricultural resources (i.e. crop residues, grains, perennial grasses, animal manures, food/ feed processing residues) [38] . One advantage of residue use is the synergy between energy production and food material production [23] . Crop residues represent the nonedible plant parts which are left in the field after harvest [31] . All crop residues cannot be utilized for energy production due to the small amount of residues produced by some species (potatoes, sugar beet). Sugar beet residues, for example, are difficult and expensive to collect. Straw from cereal crops and stalks from corn and sorghum are the main source of residues that can be removed [13, 29, 31] . In addition to crop residues, dedicated energy crops provide another potential feedstock, and we will also examine that resource using miscanthus. In both cases, this analysis assumes that EU directives in place to produce liquid fuels from renewable sources will be maintained. We are not arguing that it is economically efficient from a pure market cost perspective to produce cellulosic biofuels.
The first objective of this study is to determine how much cellulosic raw material would be regionally available in France for possible conversion to biofuel from traditional crop residues. Given the crops produced in France we will focus our study on cereal straw from wheat, barley, oats and rye and corn stalks. The assessment of the geographical distribution of these residue crops is important in evaluating the feasibility of biofuel plant location.
The second objective is to estimate the cost of supplying a plant of 200 million liters of biodiesel from crop residues and dedicated energy crops in France in the region with the highest potential supply. Current corn ethanol plants in the U.S. are about 400 million liters, but we assume the cellulose plants will be smaller to reduce collection cost and radius. We assume that a thermochemical conversion process (either gasification or pyrolysis) would be used to produce hydrocarbons directly from biomass. In reality, it likely would be a mixture of bio-diesel, bio-gasoline, and other outputs. However, given the higher demand in France for diesel fuels, the process likely would be tuned to produce a greater proportion of diesel.
Methods
To estimate the future supply of agricultural residues in 2015, estimation of future crop production is needed. A micro-economic supply chain model developed by the French National Institute of Agronomic Research (INRA) was used. It is a linear programming tool named OSCAR (Optimisation du Surplus économique des Carburants Agricoles Renouvelables) initially developed to evaluate public policy regarding development of biofuels in France in the 90s. If all we needed was an estimate of residue potential, we could have used the crop mix by region in recent years. However, our analysis extends out over several years, and relative crop prices (from OECD/FAO) change over time leading to changes in crop mix. Also, when we introduce the new dedicated energy crop, miscanthus, we need to determine the impact of that crop on production of other crops.
The OSCAR model is a partial equilibrium model built to illustrate the agro-energy chain structure in France by simulating farmers' behaviour. It is written in General Algebraic Modeling System (GAMS) and integrates a sequential multi-annual and regional agricultural sector [41] . The objective function of the model is to maximize the net income of the farmers. The regional agricultural sector model maximizes total gross margin by determining farmers' decisions. Crop prices are set exogenously, and the model determines crop production [2] . It considers that farmers maximize their individual gross margin by cultivating the most profitable set of crops subject to crop prices, agronomic, and institutional constraints [42, 46] . The main assumptions of the model are that farmers are considered to be "price takers", the agro sector is closed to imports, and crop demands are considered to be totally elastic [3] . These assumptions would still be valid in a regime with more biofuels production, although plants and farmers likely would use long term production contracts to reduce risk on both sides. The model optimizes incomes of the sector for several years based on exogenous variables. Figure 1 provides a flow chart for the OSCAR model.
Data Sources
The model is based on a sample of 1,094 farms from the 2004 data of the Farm Accountancy Data Network (FADN). The FADN collects every year micro-economic data from national surveys in each country of the European Union. The survey covers only the agricultural holdings which could be considered commercial with regards to their size [15] . The sample comes from OTEX 13 and 14 of FADN which represent farms specialized in arable crops.
They have an average size of 142 ha. The sample of 1,094 farms in OSCAR represents 84,429 farms specialized in crop production in France [19, 20] . The data used for the crop prices come from the FAO-OECD (Food and Agriculture Organization-Organization for Economic Co-operation and Development) projections on prices for wheat, corn and oilseed (soybean). The prices of other crops are indexed on the historical ratios over the past 10 years of each other crop to these three prices. The prices used for the analysis are contained in Table 1 .
To obtain realistic crop production, different agronomic constraints are established in the model. They are derived from observation of maximum area in the model or from INRA expert opinion. Some agronomic constraints represent the maximum percentage of each farm's arable land that can produce a specific crop. For example, rapeseed production cannot exceed 40% of the farm total arable land and sunflower 30%. Peas, horse bean and sugar beets cannot be produced on more than respectively 15% and 30% of farm total area. Some constraints are applied with respect to wheat production of the previous year, which varies for each farm. The area planted to wheat must be at least 70% of the area planted to wheat the previous year. These constraints introduce reality from the field that would not necessarily emerge from a completely unconstrained linear programming model.
For subsidies, according to Common Agricultural Policy CAP 2006 we assumed the decoupled subsidy represents 75% of the total subsidies (which means that 75% of the total subsidies are not linked to production). A subsidy of 45 Euros per hectare and per year has been applied for areas under energy crops. The set-aside land is not mandatory in 2008, and it is not expected to be used again. According to Agreste [1] an agricultural statistics organization, an average set aside of 3.5% should be considered in each farm as the all land cannot always be used. It represents the marginal land which is usually not cultivated due to bad soil or difficulty of access, so uncultivated land is assumed to be at least 3.5% from 2008 to 2015.
Residue to Product Ratio
Crop residues represent the non-edible plant parts which are left in the field after harvest [31] . Residues represent a low cost biomass supply available in the near term [44] . All crop residues cannot be utilized for energy production due to the small amount of residues produced by some species (potatoes, sugar beet). Straw from cereal crops such as wheat, barley, oats, rye, rice and stalks from corn and sorghum are the main sources of residues that can be removed [13, 29, 31] . The availability of residues is not directly measured, but it is evaluated on the basis of the area used to produce these crops, on crop yields, on the estimation of the residue to product ratio RPR (ratio between the yields of residue and product) and on the removal rate [17, 23] . Koopmans and Koppejan [30] did an overview of the residue to product ratio (RPR) data from available studies between 1984 and 1993 and found large variations. Most of the studies focused on EU or the US in the last decade consider that the residue to production ratios range between 0.5 to 2 for cereal straw from wheat, barley, oats and rye and between 0.7 to 1.3 for corn stalks. Table 2 presents the residue to product ratios used in this study. Sensitivity analysis is done by assuming three different removal rates. Total residue availability is a function of both the RPR and the removal rate, so doing the analysis under a wide range of removal rates effectively covers sensitivity on both factors. To illustrate the calculation, wheat yield is assumed to be 7.5 t/ha and corn yield 9.9 t/ha. Thus the available wheat straw would be 9 t/ha and corn stover 9.9 t/ha. Applying the low limit of residue availability of 25% (see discussion below), the available residue for wheat and corn would be 2.25 t/ha and 2.48 t/ha respectively.
The total amount of residues left in the field cannot be harvested due to machinery capacity and the need to prevent soil erosion and maintain carbon levels [38] . The quantity that is actually removed depends on the removal rate.
Removal Rate
The removal rate refers to the percentage of available residues that can be collected without increasing soil erosion or diminishing soil fertility. It is hard to assess the amount of residue that can be removed as it depends on grain yields [36] which depends on local conditions: weather, crop rotation, existing soil fertility, tillage practices and slope of the land and on the time frame of the study [16, 29] . Most studies examining global biomass supply assumed that about 25% of the total available agricultural residues can be removed [13, 23] . Studies focused on the US, Europe, and France assumed a removal rate which mainly ranges between 20 and 40%. However, some studies focus on specific parts of France found higher results. Institut National de Recherche Agronomique (INRA) and Arvalis (technical institute in charge of applied research on agriculture) looked at agricultural practices in the French region Picardie and found that a removal rate of 33% seems to only decrease the organic matter by 2.5% in 50 years [39] . The projected average removal rate in the six main cereals areas in France is estimated at 38.5% [17] . Another study suggested an average removal rate of 53% and expected that the proportion of straw removable can go up to 50 to 60% under certain conditions [45] . However these high rates can be usually linked with particular tillage practices (good fertilization due to inputs of manure in livestock regions or good soil).
This literature review shows that there are a wide range of removal rates used in previous studies. Consequently, in order to capture this variation, analysis is done for three removal rates. First, a conservative removal rate of 25%, then 35% which corresponds to a removal rate frequently used in the literature, and finally, 55%, which is a higher value but one possible in some regions of France as described below.
Miscanthus
Miscanthus has been identified as one of the best choices for low input bioenergy production in Europe and USA [28] . Recent studies on energy crops found that miscanthus possesses most of the characteristics required for the "ideal energy crop" [21] . The crop miscanthus is not currently widely cultivated, but some trials have been done, mainly in Europe in recent decades. These trials tend to confirm the results that have been reported in the literature. Thanks to its efficient recycling system, miscanthus needs fewer inputs than other potential energy crops (reed canary grass, triticale and switchgrass) for a high production of biomass [28, 33] . Its high cellulosic fraction (43%) makes it suitable for second generation biofuel [4] . Miscanthus is a perennial rhizomatous C4 grass originated from East Asia. It was first introduced in Europe in 1935 and has been the subject of studies as an energy crop since the 80's [43] . There are different species of miscanthus; the favourite in mid-Europe is Miscanthus Giganteus a vigorous sterile clone. It is the most productive of all the genotypes tested [7] . Miscanthus is planted in spring, and the first year is not harvested. The optimum production is reached in 3-5 years. The optimal cultivation period is still being investigated, but it is at least 10 years, normally 16-18 years, possibly as long as 25 years [4] . Because miscanthus not widely produced, little definitive data exists on it. Some of the trials published to date are summarized in Table 3 .
Potential miscanthus yield has been estimated for each region. Yields vary with the age of crop, planting density, environmental factors (soil, local climate) and agronomics practiced [33, 49] . According to several trials in Europe, after the two first years of production miscanthus yield ranges between 10 and 30 t DM ha −1 . This is consistent with a French study which concludes that miscanthus has a potential of 20 to 30t DM ha −1 in the French regions with oceanic influence after 2-3 years of establishment [48] . Miscanthus' yields are mainly correlated to weather variation (rainfall and temperature) between different areas [27] . To estimate the potential yield of miscanthus in this model, we used a linear regression based on USA trial data and applied it to French data. The regression was estimated by Dr. Ivanic from Mendel Biotechnology. Miscanthus yields are correlated to temperature through the growing degree days (GDD) and precipitation. Weather data was obtained from the website meteociel.com, which gives the daily maximum and minimum temperature and precipitation for various locations from 2003 to present.
Miscanthus peak Yield ¼ 6:91 þ 0:0416 precipitation*GDD=1000 [27] Miscanthus yield is in short tons per acre, precipitation is in inches per year and GDD is in degree Fahrenheit per year. Historical precipitation and temperature data for each region in France were used to get an estimation of the yield of miscanthus in each region for 4 years (from 2003 to 2008). The results show a small variability over the years in each region. The average yield was estimated for each region based on the results obtained for the 4 years and ranged from 16 to 21 t/ha depending on the region. The yield by region, miscanthus price, and the cost per hectare were input into the crop optimization model (OSCAR) to determine production in each region as a function of the competitiveness of miscanthus versus the other crops.
Transformation of the Biomass into Biodiesel
Second generation biofuels using a thermochemical conversion process involve the gasification of biomass and the further transformation of the gas into a syngas before being converted into a liquid fuel. In this study the use of the Fisher-Tropsch (FT) synthesis process is assumed with an efficiency of 46 percent. This number comes from the estimation of Wright and Brown [50] . The liters/ton of the feedstuff into biodiesel varies depending on the source of biomass used. In this study, based on the energy content of each feedstock and 46% conversion efficiency, we calculate a conversion rate of 187 liters of biodiesel per metric ton for cereal straw, 203 liters of biodiesel per metric ton for corn stalks, and 183 liters of biodiesel per metric ton for miscanthus (author's calculations).
Assumptions on Production and Transportation Cost
In order to assess the cost of supplying a 200 million liter cellulosic plant from agricultural residue and/or energy crop we assumed average cost of production and transportation. The cost of production of straw has been assessed at 85€/t DM and miscanthus at about 90€/t DM by the French research Institute Arvalis [32] . Corn stover production cost has been estimated at 42€/t DM and transportation cost at 0.18€ per kilometer per ton (adjusted from [5] estimation for the US). The corn residue production cost includes collection, baling, wrapping, nutrient replacement, and storage until needed by the plant. Details are covered in Brechbill [5] .
Results
The first set of results are for residues alone and show that under the three scenarios with different removal rates (25%, 35% and 55%) some regions met the target of 200 million liters of biofuel production or more. Then in the second set of results we add miscanthus for the most productive region, region Centre.
Three regions met the target of an economical plant size of 200 million liters of biodiesel using only residue under the scenario with the low removal rate of 25% (Scenario 1). Five regions met the target under the scenario with the middle removal rate of 35% (Scenario 2), and nine regions Study Site Yield in t (DM)/ha (year 3 onwards)
Clifton Brown et al. [7] Various site in Europe 22.7 Heaton et al. [21] Various site in Europe 10.78 Lewandoski et al. [33] Various site in Europe 10-25 Bullard [6] Various site in Europe 12-24 Marsac [34] Various site in Europe 10-20 Huisman et al. [24] Netherlands with the highest removal rate of 55% (scenario 3). Table 4 shows a summary of the results for the three scenarios. Under the first scenario with a removal rate of 25%, Region Centre, Champagne and Picardie met the targeted amount (200 million liters). Region Centre has the highest potential production with 367 million liters. As shown in Fig. 2 , these three regions are located in the northern France. Region Centre's cereal production represents 13.4% of the national production. Champagne-Ardenne's and Picardie's cereal production represent 8.5% and 8.6% of the total production in 2007 [26] . Figure 3 shows the results for the second scenario with a higher removal rate of 35%. Region Centre still has the highest estimated production of 514 million liters per year which is more than two times the targeted amount of 200 million liters. Meanwhile, regions Champagne and Picardie produced around 300 million liters per year. Two more regions, Poitou and Aquitaine, just reached the threshold of 200 million liters production with 225 million and 239 million liters per year respectively. All these regions have common borders with another region that meets the target which could facilitate the collection of the biomass supply for the closest plant. The rest of the regions produced less than the target amount.
Under scenario three with a removal rate of 55%, nine out of 21 regions had an estimated production higher than 200 million liters as presented in Fig. 4 . More than one plant of 200 million liters could be potentially built in three regions (Centre, Champagne and Picardie). If it considered that more than one plant of 200 million liters could be built Fig. 2 Geographic representation of estimated biodiesel production for scenario 1 in one region, the total estimated production for these eight regions would be 2.8 billion liters. This represents 67% of the biodiesel production target for 2015 [10] . In summary, France has a potential to produce biodiesel from agricultural residues. Under the different scenarios, three to nine regions could produce more than 200 million liters of biodiesel. In regions Centre, Champagne and Picardie more than one plant potentially could be built.
Estimation of the Cost of Supplying One Cellulosic Plant in Region Centre Including Miscanthus
We limited the cost study to the region with the highest potential, region Centre. Cost of transportation varies with respect to the distance between the biomass and the plant. We assumed that the plant is located in the center of the region in Romorantin-Lantenay. The marginal transportation Fig. 3 Geographic representation of estimated biodiesel production with a removal rate of 35% Fig. 4 Geographic representation of estimated biodiesel production for scenario 3 cost is estimated at 0.18€ per kilometer per ton (adaptation of the cost estimated for Indiana by Brechbill [5] ).
From Romorantin-Lantenay to the border of the region, the average distance is about 150km. We estimated how far a truck should go to get enough biomass to supply the 200 million liter plant located in Romorantin-Lantenay. As we don't have specific local data, we assumed biomass is evenly distributed for each km 2 which gives a biodiesel yield per km 2 for each raw material. In region Centre 84% of the residues are straw and 16% are corn stover. This proportion is used to estimate the liter per km 2 and total production cost. The residue estimation represents the scenario with a removal rate of 35%. The miscanthus production was estimated by the model given the price of 90€/t DM. The result is miscanthus production of 192,864 ha or 2.4% of the crop land which correspond at the amount of biomass produced from miscanthus needed to supply 3 plants of 200 million liters. Region Centre produced 26,843 ha (14% of the miscanthus production). The model results indicate that farmers would not specialize in just the energy crop. However, it is possible that farmers near the biofuel plant would choose to allocate a larger fraction of their crop area to miscanthus. If that happened, then our average miscanthus transportation costs are overestimated. However, the transport cost is a small fraction of the total delivered product cost. Table 5 contains the results of the three scenarios for supplying a 200 million-liter biodiesel plant. Agricultural residues (scenario1) are the most abundant and cheapest source of biomass compared to growing a specific biofuel feedstock. The production cost per liter of biodiesel is lowest for scenario 1 at 0.35€/L and highest at 0.61€/L if the raw material is only miscanthus (scenario 2). Therefore, the harvest of agricultural residues is the most financially feasible.
The density of biofuel per square kilometer is the highest in scenario 3 which has a mixed source of biomass (agricultural residues and miscanthus). These density results lead to the smallest fuel shed for scenario 3, but the radius of the fuel shed for scenario 1 is only 4 Km larger. As such, the transportation costs are similar for scenarios 1 and 3 which accounts for the slightly lower cost estimate for agricultural residues (scenario 1).
If only miscanthus were used to supply this plant (scenario 2), the distance over which the biomass would have to be collected (168Km) is nearly three times the distance for scenario 3 and 8 times the required harvest area in square kilometers. The much larger collection distance combined with the significantly higher production cost is the reason for the much higher cost per liter for miscanthus. In the scenarios considered, the cost of producing miscanthus is too high to compete with producing agricultural residues even if the amount of biomass produced per hectare was higher.
Discussion
The results showed that the supply of cellulosic biomass from agricultural residues is not uniform across France. However, the regional assessment indicated that nine out of twenty-one regions could potentially build at least one cellulosic plant in 2015. Consequently, this study concludes that France has sufficient biomass to supply at least nine cellulosic plants of 200 million liters of biodiesel by 2015. Plants in Centre, Picardie and Champagne-Ardenne regions could become economically viable as these regions have large amounts of biomass. Therefore, bigger plants could be considered which would decrease production costs (through economies of scale). These findings should motivate research activities to increase the efficiency of production practices (increased biofuel yield and lower transformation cost) to transform this biomass into biofuel. Ultimately, this also shows that the farmers have the ability to supply enough biomass to make a significant contribution to replace the oil used for the nation's fuel needs. The study also concludes that the amount of biomass available is sensitive to the removal rate ratio. This variability of removal rate is a reality and is found at the farm level. The amount of residues collected in each farm will depend on the land condition. Part of the farms will collect biomass at a removal rate of 25%, the most conservative rate, while others could supply at a higher rate (35% or 55%).
The amount of residues collected will also be influenced by the profitability of biomass harvest for farmers. The residues considered here are by-products, mainly those left in the field after harvesting operations. There is currently no market for corn stover, and there is excess straw from wheat (beyond that currently used for livestock purposes). Thus, the development of a plant in the selected regions should have a positive impact for farmers as it will bring additional income. Guarantee of biomass supply and feedstock prices are important factors to consider for the viability of a plant, so contracts with local farmers would need to be developed. Eventually, the use of straw residues for biomass may compete with other uses such as livestock bedding needs. However, straw quality required for these two markets may be different (lower quality for biomass purpose).
The sustainability of biofuel production is also an important factor to consider for its development. The collection of these residues will produce a new energy source while reducing net emissions of carbon dioxide. However, it may also create additional pressures on soil and water resources. The real long term impact of the harvest of residue is not completely understood. That's why the precise amount of biomass that could be collected remains uncertain. However, most studies indicate that removal of about a third of available residues has minimal impact on soil carbon.
Even if the biomass is available, costs clearly play a key role in the development of the plant. Therefore, we estimated the cost of supplying a plant built in region Centre, the region which has the highest potential. The cost of supplying the plant located in region Centre varies between 0.35€/L to 0.61€/L depending on the raw material considered and its abundance. Indeed, to supply a 200 million liter plant of biodiesel, the collection of biomass will be effectively in a circle with a radius of 62 Km to 168 Km. The introduction of miscanthus insignificantly affected the distance of collection required to supply the plant. The cost of supplying the plant with miscanthus is much higher than that with residues only as miscanthus production cost is higher than for by-products. Thus, miscanthus production is not economically preferred under the scenarios assessed. This study concludes that crop residues appear to offer a lower cost biomass supply in the near term compared to dedicated crops. However, the high biomass yield of miscanthus and its low input costs could lead to it becoming more attractive, but its production is expected to be limited to certain regions. Miscanthus represents a continuous supply of feedstock with more uniform characteristics that would provide a secure source of supply for a plant. Overall, the development of the second generation biofuel in France will not be limited by the supply of feedstocks but by the cost of transforming biomass into biodiesel. The production of energy crops for biomass will depend on use of land and also the farmer's willingness to introduce a new crop on their farm. This will depend on the existence of long term contracts with cellulosic biomass plants that will guarantee revenue for farmers. The competitiveness with the crop already in production will be limited by the investment required for this new crop. Some current trials are reporting considerably higher miscanthus yields than those used in this analysis. If substantially higher yields (30+t/ha) could be obtained, dedicated energy crops would become more attractive.
The estimation of potential sources of biomass from current crop production provides grounds for the development of future cellulosic biomass in France without relying too much on the controversial first generation of biofuels. Energy prices and policies toward second generation biofuel will have a significant impact on the amount of biomass produced and collected for second generation biofuel purpose. The possibility of decreasing or abolishing the current aid to the first generation and diverting support to the development of these the second generation biofuel crops will make them economically more viable. Similar incentives, such as long-term contracts before planting for miscanthus or subsidies such as ACE ("Aide aux Cultures Energétiques") available for the first generation biofuels crops could be considered. As competition for biomass resources rise, the use of both dedicated energy crops and residues could be promoted in order to meet the increasing demands. A mix of first and second generation biofuel crops can be expected in 2015.
